Supergiant X-ray binaries usually comprise a neutron star accreting from the wind of a OB supergiant companion. They are classified as classical systems and the supergiant fast X-ray transients (SFXTs). The different behavior of these sub-classes of sources in X-rays, with SFXTs displaying much more pronounced variability, is usually (at least) partly ascribed to different physical properties of the massive star clumpy stellar wind. In case of SFXTs, a systematic investigation of the effects of clumps on flares/outbursts of these sources has been reported by Bozzo et al. (2017) exploiting the capabilities of the instruments on-board XMM-Newton to perform a hardness-resolved spectral analysis on timescales as short as a few hundreds of seconds. In this paper, we use six XMM-Newton observations of IGR J18027-2016 to extend the above study to a classical supergiant X-ray binary and compare the findings with those derived in the case of SFXTs. As these observations of IGR J18027-2016 span different orbital phases, we also study its X-ray spectral variability on longer timescales and compare our results with previous publications. Although obtaining measurements of the clump physical properties from X-ray observations of accreting supergiant X-ray binaries was already proven to be challenging, our study shows that similar imprints of clumps are found in the X-ray observations of the supergiant fast X-ray transients and at least one classical system, i.e. IGR J18027-2016. This provides interesting perspectives to further extend this study to many XMM-Newton observations already performed in the direction of other classical supergiant X-ray binaries.
INTRODUCTION
Supergiant high mass X-ray binaries (SgXBs) comprise a massive OB supergiant (typically > 10 M ) and, in most of the cases, a neutron star (NS) accreting from the companion's stellar wind. This wind can reach terminal velocities of several ∼1000 km s −1 and the mass loss rate from the supergiant star can be as high as 10 −4 -10 −5 M yr −1 (see, e.g. Martínez-Núñez et al. 2017 , for a recent review). As the NSs in SgXBs are relatively young (a few 10 6 yrs), their magnetic field usually achieves strengths of 10 12 G, but much larger strengths cannot be ruled out (see, e.g. Bozzo et al. 2008; Revnivtsev & Mereghetti 2015) . Due to this strong magnetic field, accreting material is channelled towards the poles of the NS and X-ray pulsations are observed as a consequence of the misalignment between the NS magnetic and rotation axes. Typical pulse periods span from a few to few thousands of seconds, while orbital periods * pragati2707@gmail.com of SgXBs have been measured in the range of a few to few tens of days (see, e.g., Walter et al. 2015 ).
An intriguing characteristic of X-ray emissions from SgXBs is the fast variability on time scales of few hundreds to few thousands seconds. This variability is usually ascribed to the properties of the stellar wind, which is well known to be largely in-homogeneous and populated by sub-and over-dense regions ("clumps") created by an intrinsic instability of radiatively driven winds (see, e.g. Puls et al. 2008) . The suggestion that clumps could be the root cause of the pronounced variability of the SgXBs was proposed by Sako et al. (2003) , who also suggested to use the NSs in these systems as insitu probes of the stellar wind physical properties. In a direct wind-accreting system, any change in the density and/or velocity of the stellar wind is expected to produce a proportional change in the X-ray luminosity 1 which in turns affect the stellar wind through ionization and might led to further variations in its density and velocity (Krtička et al. 2015; Krtička & Kubát 2016) . From an observational point of view, a clump simply passing in front of the NS (without being accreted) causes source dimming or even obscuration. Its presence can thus be revealed by the spectral signature of photoelectric absorption. Clumps that instead are intercepted by the NS lead to a temporarily larger mass accretion rate, giving rise to an X-ray outburst characterized by an enhanced local absorption that is proportional to the size of the accreted structure (see, e.g., Walter & Zurita Heras 2007; in't Zand 2005; Negueruela et al. 2008; Bozzo et al. 2013a) . Probing the clump properties with NSs in SgXBs has recently received an increased attention due to the fact that constraining the parameters of these structures from the study of isolated supergiants has been proved challenging and clumps are known to largely affect the observationally derived mass loss rate of massive stars (which in turns has implications in many fields of Astrophysics and Cosmology; see, e.g., discussions in Martínez-Núñez et al. 2017) .
A substantial diversity in the physical properties of the clumps has been suggested to be one of the possible causes of the peculiar behavior in the X-ray domain of the so-called Supergiant Fast X-ray transients (SFXTs; see Walter et al. 2015 , for a recent review). These sources are a sub-class of SgXBs showing an enhanced variability in X-rays that can achieve a dynamic range of ∼10 6 , i.e. a factor of 10 3 -10 4 larger than the typical values measured in the classical SgXBs. The SFXTs spend most of their time in quiescence or in a low state, with typical X-ray luminosities as low as 10 32 -10 33 erg s −1 , and only sporadically undergo bright X-ray outbursts lasting a few hours and reaching up to 10 38 erg s −1 (Romano et al. 2015; Bozzo et al. 2015 Bozzo et al. , 2016 Sidoli & Paizis 2019) .
Motivated by a number of source dimming events reported for SFXTs (see, e.g., Rampy et al. 2009; Drave et al. 2014) , Bozzo et al. (2017) carried out a systematic investigation of the physical properties of clumps in these sources by using a hardness-resolved spectral analysis of all available XMM-Newton data where Xray flares and outbursts were detected. The advantage of XMM-Newton is that its unique combination of large effective area in the soft X-ray domain (0.5-10 keV) and good energy resolution allows us to obtain reasonably good spectra to measure statistically independent variations of the local absorption and spectral slope within ence of the NS rotating magnetosphere and/or the emergence of a settling accretion regime (Bozzo et al. 2008; Shakura et al. 2012) .
time scales as short as few hundreds of seconds, i.e. following the rise and decay of most flares/outbursts. Furthermore, the long uninterrupted observations allow us to clearly distinguish among different flares/outbursts and periods of quiescence. Although most of these brightening events showed the imprints of clumps, the low number of recorded flares/outbursts and the generally low luminosity of the SFXTs prevented an accurate determination of the clump physical properties, and a monitoring program of all these sources with XMMNewton is presently on-going to increase the statistics of rapid spectral variations during flares/outbursts (Bozzo et al. 2019, in preparation) .
In this paper, we extend the study of Bozzo et al. (2017) to the case of classical SgXBs in order to verify if also for these systems flares and outbursts in their lightcurves can be associated to the presence of clumps. While a number of previous studies in the literature have investigated sparse data from different facilities to indirectly search for clumps (see, e.g., Kreykenbohm et al. 2008; Ducci et al. 2009; Fürst et al. 2010; Ducci et al. 2013; Fürst et al. 2014; Pradhan et al. 2014) , a systematic study as the one carried out for the SFXTs is still missing. We use here the XMM-Newton observations of the source IGR J18027-2016 as a test bench before conducting a more enlarged systematic investigation of all other classical SgXBs. The XMM-Newton data-set of IGR J18027-2016 is particularly interesting because we have five observations available covering different orbital phases within a single orbital revolution and an additional isolated observation performed few years later. Although these data have been already analysed (Walter et al. 2006) , we report on them here for completeness. The latter is also re-analyzed here for completeness. We report a short description of IGR J18027-2016 in Sect. 2, and describe our XMM-Newton data analysis procedure and results in Sect. 3. Our discussion and conclusions are reported in Sect. 4 and 5, respectively.
THE CLASSICAL SGXB IGR J18027-2016
The classical SgXB IGR J18027-2016(alias SAX J1802.7-2017) was discovered with the IBIS/ISGRI instrument on-board INTEGRAL during the Galactic Center survey (Revnivtsev et al. 2004) . The distance to the source is estimated to be 12.4 kpc (Torrejón et al. 2010a) . The system hosts a NS spinning at ∼139 s (Iaria et al. 2004 ) and orbiting around a B1-Ib supergiant companion (Torrejón et al. 2010a ). The measured orbital period of the system is ∼4.57 d (Hill et al. 2005; Jain et al. 2009 ). This source was observed several times with different X-ray facilities, and its broad-band X-ray spectrum can be generally characterized by a broken power law modified by a photoelectric absorption with a typical hydrogen column density of N H ∼10 23 cm −2 (Hill et al. 2005 ). The presence of a possible soft excess below 2 keV has also been reported different times (Hill et al. 2005; Walter et al. 2006) . The long-term evolution of the orbital period of the source has been studied in detail by Falanga et al. (2015) and Coley et al. (2015) but no significant orbital period derivative has been reported. A relatively recent monitoring campaign with Swift /XRT covering multiple orbits at sparse orbital phases have shown large X-ray intensity variations on timescales of hundreds to thousands seconds (as expected for a wind-accreting classical SgXB), as well as significant spectral variations (in the powerlaw slope and the absorption column density) at different orbital phases (Aftab et al. 2016 ).
DATA ANALYSIS AND RESULTS
XMM-Newton observed IGR J18027-2016 six times, including an earlier isolated exploratory observation performed after the discovery of the source (OB-SID 0206380601) and five more recent observations probing different epochs of the same orbital revolution (OBSID 0745060401, 0745060501, 0745060601, 0745060701, 0745060801). Out of these last five observations, one caught the source during the mid and egress from the eclipse (OBSID 0745060401), while one observation was carried out during the entrance to the eclipse (OBSID 0745060701). Following Hill et al. (2005) and considering that no significant orbital period evolution has been reported so far, we fixed our reference mid-eclipse time at 52931.37 MJD (phase 0 in the following). The coverage of source orbital phases of all observations is reported in Table 1 , which also provides a log of all used observations. XMM-Newton observation data files (ODFs) were processed by using the standard Science Analysis System (SAS 17.0) and following the procedures given in the on-line analysis threads 2 . We used data from the EPICpn, as well as EPIC-MOS, in all but the observation ID. 0206380601 where the source laid outside the MOS CCDs and only pn data were available. We did not make use of the RGS data, due to the limited bandpass of this instrument and the heavy X-ray extinction in the direction and local to the source (see Sect. 4). We checked for pile-up from all the individual observations using the SAS tool epaplot and did not find any significant issue. We also verified the presence of high flaring background time intervals and found that Table 1 .
Log of all XMM-Newton observations of IGR J18027-2016 used in the current paper along with their exposure. Orbital phases were determined by folding the pn light curves assuming an orbital period of P orb =394851.65 s (as determined from the Swift/BAT long-term lightcurve of the source, see Fig. 2 ) and a phase 0 centered on the mideclipse time 52931.37 MJD (Hill et al. 2005) . We also tabulate the spin periods obtained from the individual XMMNewton observations. only the OBSID 0206380601 was significantly affected, as also previously reported by Walter et al. (2006) . We thus excluded the affected high background time intervals from this observation before carrying out any other analysis (we used the standard cut in count-rate suggested in the online SAS data analysis threads). The resulting effective exposure time was of 5.6 ks. For all other observations, we retained the entire exposure time available and extracted first the barycentered corrected event files of the source and background to detect and measure the source spin period. The limited length of observations and the relative slow pulsation of the source prevented us from determining the spin period with a precision better than a fraction of a second. For typical masses of the supergiant stars and the measured orbital period, the spin period variations due to orbital Doppler shift are of the order of the expected period uncertainty. For the sake of this work, we determined the spin periods using and epoch folding technique (Leahy 1987) . We obtained a spin period of 139.6±0.4 s from the OBSID 0206380601, 139.8±0.3 s from the OBSID 0745060501, 140.0±0.3 s from the OBSID 0745060601, 140.04±0.4 s from the OBSID 0745060701, and 139.8±0.3 s from the OB-SID 0745060801. In the OBSID 0745060401, pulsations were not detected during the first 26 ks when the source was still in eclipse. However, pulsations could be significantly detected using the last 18 ks of data when the source was caught during the egress from the eclipse. In this case, we measured with the same technique above a spin period of 139.8±0.3 s. These spin periods have also been reported in Table 1 . As in this paper we are not focusing on any spin resolved spectral analysis because we want to study possible spectral variations on longer time scales related to the presence of clumps, we binned the pn 0.5-10 keV lightcurve of each observation at the correspondingly best determined spin period to level out the variability caused by the NS rotation. These lightcurves, shown in Fig. 1 , evidence a remarkable X-ray variability on time scales of several hundreds to thousands seconds, typical of wind accreting systems and classical SgXBs (see Sect. 1). For completeness, we report the energy-resolved pulse profiles of the source in Appendix A.
An average spectrum for each observation was extracted from the pn and MOS data to measure the emission properties of the source in the XMM-Newton energy band. The source spectra were extracted from a region centered around the best known source position (Chaty et al. 2008 ) and with a variable radial extension between 600 and 1000 pixels, depending on the source intensity. Background spectra were extracted from a region located on the same CCD as that used for the source but carefully checking to minimize the contamination from the source emission. The difference in extraction areas used for the source and background was accounted for by using the SAS backscale task. All spectra were rebinned in order to have at least 25 counts per energy bin and, at the same time, to prevent oversampling of the energy resolution by more than a factor of three. In case of the OBSID 0745060401, we extracted two spectra: one during the eclipse period (the first 26 ks) and one during the egress (the last 18 ks). The pn and MOS data from each observation were fit simultaneously (we used XSPEC v12.10.0e) with a power-law model corrected for the line of sight Galactic and local absorption with a phabs component, as typically done in case of classical SgXBs (Walter et al. 2015) . The addition of a partial covering (pcfabs), usually required in these sources as due to part of the X-ray emission from the NS that escapes the local absorption and it is affected only by the Galactic extinction, was required to account for the soft excess and achieve an acceptable fit for the higher statistics spectra (OBSID 0745060401 -egress, 0745060501, 0745060601, and 0745060701). Two Gaussian-shaped emission features were also added to the best fit models of most spectra and are compatible with being the iron Kα and Kβ lines. These are known to be present in the X-ray spectra of classical SgXBs and are produced by the fluorescence of the X-rays from the accreting NS onto the surrounding stellar wind material. In the case of the OBSID 0745060701, we also found the presence of a second Kα lines corresponding to an ionized state of iron. This is characterized by a centroid energy of ∼6.7 keV and it is likely associated to Fe XXV (this feature is not uncommon in wind-fed high mass X-ray binaries; see, e.g., Torrejón et al. 2010b) . Note that for the absorption models phabs and pcfabs, we used the default element abundances and cross-sections in XSPEC (Anders & Grevesse 1989; Verner et al. 1996) . We verified in all cases that the usage of different absorption models (Wilms et al. 2000 , e.g., TBabs) and/or different abundances and cross-sections did not significantly affect the results, given the relatively low S/N of all data at energies 2-3 keV. The spectra from all observations and the corresponding best fits, including the residuals from these fits, are shown in Fig. 4 . All results are given in Table 2 . We note that for all those observations requiring a partial absorption component, an equivalently good fit could be obtained by using a thermal blackbody component with a temperature of ∼0.2 keV and a radius of ∼100 km to describe the soft-excess. We did not include the results from these fits in Table 2 because the measured radius would be more compatible with that of an accretion disk around the NS rather than an hot spot on the compact object, as expected for a wind-fed system like IGR J18027-2016.
We investigated the presence of spectral changes associated with the X-ray variability in each XMMNewton observation by extracting also the energy resolved lightcurves of the source with a time bin corresponding to the spin period measured above in each observation and computing the hardness ratio (HR). Based on our previous analysis on similar sources with the same technique (Bozzo et al. 2013b (Bozzo et al. , 2017 , we selected the energy bands 0.5-3 keV and 3-10 keV, and computed the corresponding hardness ratio (HR) by using a further adaptive rebinning to achieve in each bin of the soft energy band lightcurve a minimum signal-tonoise ratio S/N 10. The MOS and pn source spectra were then extracted by combining HR bins with similar values in each observation, following as closely as possible the observed HR variations. All these HR-resolved spectra were fit with an absorbed power-law model, as the statistics in all cases was not high enough to require the addition of the partial covering and the iron emission lines (see above in this section). The results of the HR-resolved spectral analysis are reported in Fig. 5 .
DISCUSSION
From the analysis of the average spectra extracted from the five XMM-Newton observations carried out within the same NS revolution and described in Sect. 3, we found that the spectral energy distribution of the Xray emission from IGR J18027-2016 in the XMM-Newton energy band is similar to that of other classical SgXBs, being well described by a relatively hard power-law (Γ 1) and a partial covering component. In most of the spectra we also detected the iron Kα and Kβ line, as it is usually the case for a wind-fed classical SgXB where the X-rays from the NS give rise to fluorescence emission on the surrounding stellar wind material. The EW of the lines significantly increases during the eclipse, due to the depression of the X-ray continuum and the enhanced role of the fluorescence emission which is not (or only partly) occulted together with the NS. We checked during the fits to the different averaged spectra that the ratio between the normalization of the Kα and Kβ lines are compatible with the expected value of 0.15-0.16 (see, e.g. Molendi et al. 2003) . The results obtained from the isolated and older observation OBSID 0206380601 turned out to be very close to those determined during the last 46 ks of the OBSID 0745060801, as the two observations were carried out at a similar orbital phase (after the complete egress from the eclipse).
Comparing the results of the fits to all average spectra, we conclude that the largest increases in the local absorption column density are measured close to the eclipse ingress and egress. When we look at Table 2, we notice that for those spectra where the statistics required a partial covering model and for which we tentatively distinguished in the spectral fit between a Galactic and local absorption component (OBSID 0745060401 -egress-, 0745060501, 0745060601, and 0745060701), the former remains virtually constant at N H1 ∼2-3×10 22 cm −2 , while the local absorption component seems to be constant around a value of N H2 ∼6-7×10 22 cm −2 when we are sufficiently far from the eclipse ingress and egress. Among these higher statistics observations, a significant increase of N H2 is measured only during the OBSID 0745060401 (egress) and 0745060701, but data during these two observations Table 2 . Best fit spectral parameters measured from the source averaged spectrum in each of the analyzed observations. Uncertainties are quoted at 90 % confidence (as everywhere else in the paper, unless stated otherwise). Orbital phases (φ) are determined by folding the pn light curves with P orb =394851.65 s and assuming phase 0 at the mid-eclipse time 52931.37 MJD (Hill et al. 2005) . Note that the absorption column densities NH1 and NH2 are in units of 10 22 cm −2 , while the flux is given in the 1-10 keV energy band in units of × 10 −11 erg cm −2 s −1 (we also report the correspondingly calculated X-ray luminosity, LX, in units of 10 35 erg s −1 assuming a distance of 12.4 kpc). Figure 2. Swift/BAT and XMM-Newton lightcurves of IGR J18027-2016 folded at the best determined orbital period measured from the BAT data (P orb =394851.65 s) and assuming phase 0 at the mid-eclipse time 52931.37 MJD (Hill et al. 2005) were recorded at the earlier stages of the eclipse egress and when the source was almost completely eclipsed, Table 2 . The orbital phases have been calculated as in Fig. 2 . The time-resolved variations of the spectral parameters for each XMM-Newton observation are shown in Fig. 4 .
respectively. Therefore, we can expect that the value of N H2 is significantly affected by the presence of the supergiant companion coming closer along the line of sight to the observer. For the OBSID 0206380601, Figure 4 . Averaged spectra of IGR J18027-2016 extracted from each available XMM-Newton observation by using pn (black), MOS1 (red), and MOS2 (green) data. A simultaneous fit of the three spectra has been performed for each observation and all results are reported in Table 2 . The residuals from the best fits are shown in the bottom panel of each spectrum figure. In the case of the observation 0745060401, two spectra were extracted during the eclipse period and the egress from the eclipse (see also Fig. 1 ). where the statistics was too low to include a partial absorption column density, the measured value of the combined local+Galactic absorption matches relatively well the sum of N H1 and N H2 measured during the OBSID 0745060501 and 0745060601, supporting our suggestion that there could be no major increases in the local absorption column density in IGR J18027-2016 as a function of the orbital period. The only exception to this scenario is the OBSID 0745060801, which shows a low combined local+Galactic absorption. Given the fact that the lightcurve of this observation is particularly flat with no flares, we cannot exclude that during this particular observation (or orbital phase) the NS is accreting through a rather smooth portion of the wind with less clumps and more ionized material (this is likely to be only the material closer to the NS and thus not largely contributing to the production of the iron Kα line the energy of which is still compatible with neutral iron distributed on a much larger region around the binary). Although the coverage in orbital phase of the XMMNewton observations is relatively limited, this result is in agreement with what has been reported through the more extended (but less sensitive) orbital monitoring performed with Swift /XRT (Aftab et al. 2016) . Also in that case, the authors showed that the absorption column density in the direction to the source measured from the spectra averaged in different orbital phase bins over the many different revolutions covered by the Swift satellite is relatively constant away from the eclipse and shows minor fluctuations around an average value of ∼10 23 cm −2 . Looking at their Fig. 6 , it seems also that they confirm a somewhat lower than average absorption during phases 0.17-0.25. This is at odds with respect at least to the case of another classical SgXBs for which an orbital monitoring has been carried out with XMMNewton, i.e. IGR J17252-3616 (Manousakis & Walter 2011) . In the case of this source, the authors found evidences for the presence of a massive absorbing structure placed between the NS and the observer at a specific orbital phase. This structure was associated with an accretion wake preceding the NS along its revolution around the companion. The formation of similar structures is usually ascribed to the presence of a slow stellar wind which can be inherently slow or slowed down by the photo-ionization produced by the NS X-ray emission (Manousakis et al. 2012) . As extensively discussed in Martínez-Núñez et al. (2017, see also references therein), we are still missing global calculations that can take all complex parameters of the interaction between the massive star wind and the X-rays/gravitational pull from the compact object into account. Deriving absolute properties of the stellar wind (e.g. the terminal velocity) from X-ray observations of SgXBs and HMXBs in general is thus a complex exercise, results from which have to be taken with cautions (see also Bozzo et al. 2011) . However, as the X-ray flux measured by XMM-Newton along the orbits of IGR J18027-2016 and IGR J17252-3616 are not too dissimilar (taking into account also the poorly known distance to both sources), it is possible that the stellar wind velocity in IGR J18027-2016 is somewhat higher than in IGR J17252-3616 (at least close to the compact object), and no accretion wake is formed. This suggestion remains so far speculative as we have no further means to draw a firm conclusion. It could however be used as a driver for interesting investigations of IGR J18027-2016 in different energy domains able to get more direct measurements of the stellar wind velocity at different orbital phases and possibly at different radial distances from the NS. We cannot exclude, as an alternative possibility, that some peculiar geometry of the accretion wake combined with the inclination of the line of sight to the observer could hamper the possibility of detecting such structure. So far, little is known from both a theoretical and observational perspective about the possible geometries of the accretion wakes in SgXBs and simulations still did not include different geometrical effects related, e.g., to the observer line of sight inclination and shape of the accretion wake to predict different observational outcomes (see, e.g., Manousakis et al. 2012, and references therein) .
Taking advantage of the large effective area and good energy resolution of the EPIC cameras, we could also study in details the spectral variability on much shorter time scales than the different orbital phases, i.e. within few hundreds to thousands seconds. The energyresolved source lightcurves and the corresponding HR revealed that in each observation the source displayed a remarkable X-ray variability, as expected from a windfed classical SgXBs. Note that, being the lightcurves binned at the best determined source spin period in each observation, the observed variability in Fig. 1 is not due to the effect of the NS pulsations. Based on our previous work on all XMM-Newton observations of the SFXT sources, we performed an HR-resolved spectral analysis also for the XMM-Newton observations of IGR J18027-2016 to probe the nature of the HR and the possibly associated spectra variability. IGR J18027-2016 is been used here as a test-bench to compare the results of a similar analysis performed on the two known sub-classes of SgXBs (classical systems and SFXTs) to help investigating possible systematic differences in the physical properties of the stellar wind from which the NS is accreting. From the plots in Fig. 5 , we note a few interesting outcomes.
The first is that there seems to be a clear decrease in the local absorption column density during the peaks of the observed flares. This is particularly well noticeable for the flares recorded in the OBSID 0745060401 (during the egress from the eclipse), 0745060501, and 0745060601. The emission becomes softer at the peaks of the flares, and the results of the HR-resolved spectral analysis show that this is due to a decrease of the N H rather than a change in the power-law photon index. The same behavior was observed in the case of most of the SFXT sources (Bozzo et al. 2017) and it was ascribed to the fact that the higher flux during the peak of a flare can photoionize the surrounding material from which the NS is accreting and produce a rapid decrease of the local absorption column density. The increase of the N H following the peak of the flare can be explained as being due to the recombination in the wind material during the decrease of the X-ray flux along the decay of the flare. As the photoionization (and thus the decrease in the absorption column density) increases with the X-ray flux, it is interesting to note that this effect is much less pronounced during the flares recorded in the OBSID 0745060701 which reached a substantially lower count-rate at the peak compared to the flares in OBSID 0745060501 and 0745060601.
In order to provide support to the fact that flares are triggered by the presence of clumps, in the case of the SFXTs it was highlighted that often the rise of flares is accompanied by an increase in the local absorption column density before the onset of a flare (Bozzo et al. 2017) . This can be interpreted as being due to the clump approaching the NS and contributing to an enhancement of the local absorbing material. A similar effect seems to be present in the case of IGR J18027-2016, as we can see from the HR-resolved spectral analysis during the OB-SID 0745060501 (time intervals 3-5 ks and 11-15 ks after the beginning of the observation), 0745060601 (time intervals 0-4 ks, 7-10 ks, and 11-14 ks after the beginning of the observation), and 0745060701 (time intervals 0-5 ks and 7-9 ks after the beginning of the observation).
The OBSID 0206380601 and 0745060801 are characterized by a much reduced (if any at all) HR variations. While for the OBSID 0206380601 it is difficult to achieve a firm conclusion due to the low statistics and the fragmented lightcurve caused by the presence of several high-flaring background time intervals (see Sect. 3), the situation for the OBSID 0745060801 is clearer. As discussed previously in this section, the low absorption column density measured during this observation and the less pronounced variability compared to the other monitored orbital phases could be caused by an higher ionization of a somewhat lower density wind material close to the compact object and/or to the lack of the presence of clumps. The similarities (to be confirmed) in the X-ray emission properties of the source in the OBSID 0206380601 and 0745060801 suggests that during the orbital phase ∼0.17-0.25 the NS might be regularly accreting from a less structured wind material. At present, there are no suitable data to verify further this hypothesis, as the only other available dataset is the one published by Aftab et al. (2016) but the SwiftXRT lightcurves are too fragmented and endowed with a too low statistics to perform any meaningful HR-resolved analysis. Future observations at these orbital phases with XMM-Newton might be able to confirm our proposed interpretation or help finding different explanations.
CONCLUSION
In this paper we exploited the available XMM-Newton observations of IGR J18027-2016 in order to carry out for the first time the HR-resolved spectral analysis of the X-ray emission from a classical SgXB and compare the findings with those obtained from a similar analysis performed systematically on all XMM-Newton observations of the SFXTs (Bozzo et al. 2017) . Taking advantage of the good energy resolution and large effective area of the EPIC cameras on-board XMM-Newton, the HR-resolved spectral analysis could be carried out in all cases on timescales much shorter than the duration of the flares and could thus be used to search for fast spectral variations that can reveal if similar or different mechanisms are triggering these events in classical SgXBs as IGR J18027-2016 and in the SFXTs.
From the results summarized in Fig. 5 and the comments presented in Sect. 4, we concluded that also in the case of the classical SgXB IGR J18027-2016, the spectral variations measured during flares are compatible with the idea that these events are triggered by the presence of clumps. We generally observed that the local absorption column density increases during the rises to the flares, suggesting that a dense structure is approaching the NS and giving rise to an enhanced mass accretion rate. At the peak of the flares, a decrease of the absorption column density is usually measured, compatible with the idea that the enhanced X-ray flux is able to photoionize the clump material. Recombination is likely to be fast during the decay of the flare (see, e.g., the discussion in Bozzo et al. 2011 , and references therein), and thus the increase of the local absorption column density that is measured after the peak of the flares can be ascribed to an increasingly lower photoionization state of the wind material while part of this clump has been ac-creted and the remainings move away from the compact object.
The present analysis of IGR J18027-2016 indicates that wind clumps are among the causes of the onset of flares in this classical SgXB, similarly to what was found for SFXTs. At present, we cannot therefore firmly establish if the different behavior observed from SFXTs compared to IGR J18027-2016 (and more generally to the whole class of classical SgXBs) is only due to a systematic difference between the clump properties in these two classes of objects. A more systematic analysis of the XMM-Newton observations performed in the direction in all other observed classical SgXBs is underway and will be reported in a forthcoming publication. Figure 6 . XMM-Newton energy-resolved pulse profiles of IGR J18027-2016. The two peaks, as reported previously by Aftab et al. (2016) , are visible in all observations. Note that the observation ID 0745060701 caught the source during the ingress to the eclipse, and the large absorption column density hampered the detection of pulsations in the 0.3-3 keV energy band.
